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I. INTRODUCTION 
Fran sea level to altitudes in the order of a dozen or fifteen miles, 
-.......,......"_ -----·--
the change in atmaspheric pressure does not introduce a~ serious problems 
in connection with the normal operation of lead-acid storage batteries. 
Sounding rockets~ however, commonly ascend to altitudes of eighty 
miles or more where the ambient pressure in an ordinary unpressurized 
battery box may drop to something in the order of a few millimeters of 
mercury or even less. It occurred to Mr. W. C. Moore of the Upper Atm.os-
phere Research Laboratory of Boston University that before installing 
batteries in rocke'l:i borne equipment their actual performance should be 
checked at low pressures. Accordingly he made a preliminary test by 
placing a storage cell under a bell. jar from which the air was subsequently 
removed. In the process of this experiment he noticed that as the press-
ure was reduaed, the electrolyte level rose above the initial level and 
~t the same time quantities of air, bubbled out of the electrolyte. This 
bubbling occurred at pressnres far .above the boiling point of the electro-
lyte at the current temperature. As the pressure was increased back to 
atl:nospheric pressure, the le-vel of the electrolyte was driven down to 
a point below the initial level. This suggested that ordi:carily there are 
voids within the battery occupied by trapped air. These voids undoubtedly 
exist in the separator material, and also quite probably in the active 
material itself'. After the original test was made it seemed reasonable 
to suppose that alternate reduction and increase in pressure would 
release the trapped air, replace it by active electrolyte and as a 
t'-..ow~< ) \-
v"''i"S , 
consequence improve the per:f'Qmmanoe of the cell. 
Tests made for this study indicate that some such phenomenon actually 
does taka place. Certainly vacuum treatment does effect the electrical 
characteristics of the type of lead-acid cell tested. 
So far as this 'Writer has been able to determine, no work of a. similar 
nature for a similar purpose has ··ever been attempted, consequently no 
directly applicable bibliography exists. Two goop; general references on 
Storage Battery Enginaering are listed below: 
Lyndon, Lamar, Storage Battery Engineering, New York, McGraw-Hill 
Book Co._, 1911. 
Vinal, G. W., Storage Batteries, New York, John Wiley and Sons, 
Inc .. , 1940 
In the course of studying the effect of vacuum treatment other tests 
suggested themselves. These incidental tests had no particular bearing on 
the central problem of' vacuum treatment, but they were a part of the 
general battery problem applied to high altitude rocket flight. 
II. SPECIFIC PROBLEMS 
A. The Effect of Vacuum Treatment Given During Forming Cycles. 
Tests were made to see wba:t effect vacuum treatment has if' given 
during the forming cycles. Ordinarily, the plates of a lead-acid 
storage cell have to go through several cycles of charge and discharge 
before they reach their ma.:x:intum ca.pacity. These are the forming cycles 
B. Storage. 
Tests were made to see what effect storage, with terminals down 
(cell inverted See Fig. lc) has Dn the discharge capacity. 
c. Discharge with Termi:na.ls Down. 
Tests.were made to discover the effect on their capacity of dis-
charging the cells with terminals down. 
D. Discharge U:cder Special Pressure Conditions. (See Fig. 4.) 
Tests were made to see what effect a low ambient pressure has on 
the discharge behavi·or particularly under pressure conditions 
i:tldioated in Fig. 4. 
E. The Effect of a Booster Charge with Terminals Down. 
Tests ,were :made to see if a booster charge is possible ap.d desir-
able when the cells are stored with terminals dmvn for a period of a 
fsw days to a week. 
F. Further Problems. 
Me'bhods of discovering snbstandard cells early in the forming 
period were considered as well as problems of contact resistance at 
the oell tenninals and the effect of high values of mechanical 
acceleration. 
III. LIMITATIONS 
A. Commercial Type of Cells Tested. 
The cells used were "Non-spill plastic type, Willard EREJ:-25-2tt. 
For manufacturer's data. see Table I a:tld Fig. 11. 
B. Discharge Rate. 
The immediate need was for detailed information on the discharge 
characteristics of the above cells a.t a constant current rate of 
fifteen amperes. Consequently all discharges were ma.de at that 
4. 
cons-ba.nt rate. 
0. Storage. 
In general, the discharges were made on the day following the end 
o£ the charge. I£ 'the discharge was made ittunediately following the 
oha.rge, the oells were cooled to room temperature before. readings 
were taken. No tests were lllB.de to determine the loss of capacity 
due to storage during the forming cycles. After the forming period 
absolutely no loss of capacity was observed for storage periods up 
to eight days. No data were obtained for longer periods. This 
information applied to cells oharged, stored, and discharged at 
roam temperature with their terminals up. 
D. Temperature. 
All discharges were made at room temperature. Seldom was the 
temperature below 720F. or higher than 800F. Figure 11 shows that 
this ex:breme temperature range might account £or a 3% to 4% difference 
in t~e o£ d2scharge to an end point of 1.75 volts. It seemed hard-
ly worth while to lll8.ke corrections for this particular influence. 
Evaporation, ~ile the cells were under low pressure, cools some-
what but the cooling is in the order o£ 5oF. to lOOF. for the dura-
tion of the tests. No corrections were made for this influence. 
E. Meters. 
The same voltmeter and annneter were used f'or all tests. The 
absolute aoouracy of these meters may not be much better than 5% 
Comparisons are probably good to 1%. 
F. Ohargi:ng. 
The cells were charged each time at 2.5 amperes tapering -bo 1.5 
amperes a-b -bhe end of twenty-four hours • 
IV. APPARATUS 
5. 
Figu~ea lb, lc, a:nd ld show enlarged details of -bhe more import-
ant components of equipment. Fig. la shows an over-all view of the test 
position. 
A. Electric Apparatus. (See wiring di~gram., Fig. 2) 
1. For mechanical safe-by, 'the TEBr CELLS were charged am discharged 
in a BA.T!ERY BOX 'When not under the BELL JAR. 
2. It "WaS found that in order to reduce the charging ra.-be from. the 
BATTERY CHARGER to the rated 2.5 amperes, a BALLAST RESISTOR was 
needed. 
3. The VOLTMETER and AMMETER had maximum scale readings of 3 volts 
and 50 amperes r~upEJctively. 
4. The LOAD RESISTOR, see Fig. ld and Fig. 2, is made of te:m. seo-
tions of number 10 Nichrome wire connected in series. Eleven 
double throwi single pole knife switches are used so that all 
sections can be used in series or all sec-bions can be colll!lected in 
.parallel. Each section has a resistance of about .22 ohms. 
"Thus the :maximum resistance is 2.2 ohms wi-th all sections in 
series ani the minimum resistance is .022 ohms with all sections 
in parallel. Each section is conservatively rated at ten amperes. 
Of course, a great many intermediate resistance values are avail-
G. 
abl$ between .022 ohms and 2.,2 .. olnns. 
5. 'While the LOAD RESISTOR can be ~djusted in reasonabl:r small steps, 
it was found necessar:r- to use .a parallel TR'DIIMING RHEOSTAT which 
was rated at 1 ohm, 4 amperes. 
6. In series 'With the ~~G RHEOSTAT (see Fig. 2.) are three 
PRO'l!ECTIVE RESISTORS. These: resistors limit the current through 
:the TRIMMING RHEOSTAT to a safe value even with the rheostat set 
for minimum. resistance • By using the SHORr DTG SWITCH either one 
or two of the- PROTECTIVE BESIBrORS can be shorted oa-t ot circuit, 
making even finer adjustments possible. 
1. The DISCHARGE SWl'rCH is a single' throw, double pole knife Twi:tch 
with points and blades in parallel in order -to lower the contact 
resistance. 
8. The SELECTOR :SWITCH located in Fig. la and diagramed in Fig. 2, 
-.s used so that -the eells eould be discharged in a single baDk 
while the voltage of each ceil could be read s~ratel:r· As 
indicated in Fig. 2, no load current passes through the VOLTMETER 
.leads or through the contact resistance at the VOLTMETER lugs. 
In all cases the VOLTMETER ooimecti.nns were made direotl:r to the 
cell terminals and on opposite sides from the le&a carrying leads. 
It was found that counting the time for recording, opera-ting the 
SELECTOR SWITCH and waiting tor the VOLTMETER needle to stead:r, 
a complete set of readings £or five cells can be taken in thirty 
seconds. 
B. Vacuum !!iguipment. (See Fig. la.} 
1. The \18.cuum. a.ppara.iius consisted of a pump (not shown), a BELL JAR, 
an OPEN TUBE·MKNOME'fEB: to indicate pressure below atmospheric 
pressure, a. CLOSED TUBE MANOMETER standing inside the BELL JAR 
to indicate absolute pressure, a. BLEEDER VALVE to release the 
\IS.OUum at the end o£ vacuum treatment and also to regulate the 
pres-sure illSide the BELL JAR when necessary. 
z. There we.s some question o:t the corrosive action ot the exhaust 
vapor on the pump. Howe'Ver, with the DRYER in use no sign o£ 
a.oid 'WB.S :found· in "the exhaust fran the pump when wet litmus 
paper was used as an indicator. 
3. 'With two oxr three cells under the BELL JAR, the w..ouum. equipment) 
as used, will dnl.w the pressure down to 2.5 lbs/sq. in. in six 
·minutes and down to .s lbs/sq. in. in about twenty minutes. 
o. Tilting Mechanism. (See Fig. le) 
1. In order to meet the conditions described in Fig. 4, it 'WaS 
necessary to arrange a mechanism to turn the TEST OE.IL completely 
over 'While it was under the BELL JAR at low pressure. The TEST 
OELL and its holder -was :tree to rotate on the ARBOR unless held 
steady by the PROP. The PROP was adjusted so tba.t the center o£ 
gravity o£ the cell -was on the PROP side of the A!U30R. 'When the 
SOLENOID was energit:ed by the TRIPPING OELL through a. 'Vacuum 
sealed conductor and the grounded frame, the PLUNGER was drawn 
into the SOLENOID and the PROP was knocked out. The TEST OELL 
then rotated about the ARBOR to an inverted position. 
2. Four leads were brought out of the BELL JAR. Two of them were 
for the VOLTMETER and: two we-re,.oo:rmected to the LO.AD RESISTOR 
and the TRIMMING REHOSTAT through the .AMMETER. One of 'bhe 
leads to the LOAD RESISTOR was used in common with the circuit 
from the TRIPPING CELL to the SOLENOID. The VOLTMETER leads 
and the load carrying leads were bolted to opposite sides of 
the cell terminals. 
V. ASSEMBLED DATA 
A. The Effect of Vaouum Treatment During Formin& Cycles. 
1. Methods 
a. Vacuuro. treatment, as the term is used here, consisted in 
placing the te.st cell under 'bhe bell jar am pumping the 
air out to a pressure of about 3 centimeters o:£' mercury, 
after whiah the bleeder 11alve- was opened and the pump 
stopped. The pressure then rose- to normal atmospheric 
pressure. T-his cycle of pressure change 1'm.s repeated 
five or six times. Sometimes, on the first evacuation 
electrolyte comeS' out through 'the ven'b tube of the test 
cell. 'When this ha-ppened the pressure was increased to 
push the electrolyte down into the cell and the opera-
tion was started all o~r aga1.n. Usually the second 
treatment was sufficient to stop overflow on subsequent 
a. 
e"Vaouations. 
Af"ter treatment# the electrolyte is always lower than it 
'Was before. For the first treatment the level usually 
drops a. half inch or so and a:tte:r sta:nd:ing over night the 
level of the electrolyte may rise J/16". Following treat-
ments lower the elect:rolyte but to a lesser degree. 
b. The cells require about 300 gra111s of electrolyte. During 
e"Vaouation they lose something in the order of one gram. 
Durug several ~nitv,es. at a pressure of 2 centimeters of 
mercury they do not lose over 3 gre.ms at the most. Both 
of these losses are due to e'VS.poration. 
o. As a consequence of the first two evacuations about 17 
grams of electrolyte have to be added to bring the level 
ot the electrolyte baok up to the origi;cal level. 
d. The level of the electrolyte standing above the plates is 
about lO%to 15~ of all the electrolyte in the cell· The 
oells can be stored with terminals do1m for a period of 
several days without any noticeable amount of electrolyte 
draining oat- from the plates and separators • 
e. After the second 'Ytlouum: treatment of the fol"ll1.ing cycles 
enough 1.280 acid was a.d.ded to bring the level of the 
electrolyte up to the original level. This required about 
14 grams per oell. The specif~c gravity of the acid within 
the cells 'WaS somewhat above 1.280 and all of the plate area 
9. 
~· 
was covered. Later it "W8.s found that the specific gra.vi ty 
of the electrolyte was 1.320 ins-tiead of the rated 1.300. 
The u:rrlireated cells did l:lave a gravity of 1.300. 
2. ResultB 
a. Figures 3a. "to 3g show the terminal voltage vs. time 
characteristics of the treated cells compared with the 
untreated cells. other than for vacuum treatment, both 
groups of cells had ide~ical history. The small letters 
on each diag~ near the origin of the axes indicates at 
what stage of the formi:ng cycles the vacumn. treatment was 
applied. The letters (be) mean that w.cuum treatment was 
applied before charge. The letters (bd) mean that the 
treatment ~s applied before discharge; (n) means that no 
vacuum treatnrent was applied during that particular form-
ing cycle. 
b. Vacuum treatment was applied before charge in the case of 
the first, fourth and seventh charges. It "WaS the first, 
fourth a.lid seventh discharges which showed the greatest 
improvement over the corresponding discharge of the un-
treated cells. Vaeu\llll treatment "W8.S applied before the 
second and fif'th discharges and these discharges show the 
leas-t improvement over the corresponding discharge of the 
untreated cells. No vacu'Um treatment was applied during 
the third and sixth cycle. 'While the third and sixth 
10. 
dis~harges o£ ~he treated cells do show an improv~ent 
over the third and sixth discharges o£ the untreated 
cells, this may well pe the delayed effect of the vacuum 
treatment given before the previous discharge. 
c. Figures 3h, 3i and 3j compare the treated cells with the 
untreated cells with respect to the time required £or the 
ter.minal voltage to drop to 1.80, 1.85 and 1.90 volts 
respectivelyat 15 amperes constant current discharge. 
d. No temperature correction -was made although from the 
manufacturer's data, every degree Fahrenheit would be 
expected to make a difference of' about .3 minutes at 
15 amperes to an end voltage o£ 1.75. The deviation o£ 
the performance of the ind.i vidual cells £rom the average 
under identical conditions was much greater than the 
difference that eould be attributed to t~perature 
deviations. The performance of the cells was more consis-
tent dnring the first th:i:rty or :forty minutes of the dis-
charge. Therefore. it -was thought better to compare times 
at end voltages o:f 1.80 and higher, than to use 1.75 volts 
and correct for temperature. No data of any kind were 
available on the effect o£ temperatu~e for end voltages 
higher than 1.75. 
12. 
B. Storage with ~ehn.inals Down. 
-
In Figure 6a the solid line shows the voltage-time character-
istics of a cell stored six days with the terminals down. The 
dotted line shows the voltage-time characteristics for the previous 
discharge of the same cell. There is an obvious loss in capacity 
for this storage condition since no appreciable loss would have 
been expected had the cell been stored with terminals up. 
(See paragraph III C.) 
Confirming the above conclusion; cells 26 and 22 referred to in 
Fig. 7 and 8 respectively were both stored with terminals down am 
discharged under identical conditions; but cell 22 Which was stored 
about hal£ as long as cell 26 gives the more :f:avorable perfor.rna.noe 
compared to its previous discharge~ .• Both had an identical prev.i.ous 
history. 
c. Discharge with Terminals Down •. 
Figure 5 compares the perfor.mance of two cells: one discharged 
with terminals up and the other discharged with terminals down. 
Both were discharged Under identical pressure conditions. See Fig. 4. 
There is no significant difference. in their performance referred to 
their previous discharge. Both cells are identical as regards their 
previous histocy and both are about average, compared with the 
general run of' the cells tested. 
D. Discharge at Special Pressure Conditions. (See Fig. 4.) 
1. Refer to Figures 6, 7, 8 1 9 and 10. These figures illustrate 
the performance of five t.est cells having identical previous 
histories as regards vacuum treatment, storage conditions 
(except for ttme), number of forming cycles etc. Part(~) each 
figuTss is. the curve of terminal voltage vs ttme; parts (b) and 
(c) compare the test discharge with the previous and. subsequent 
discharges which were made at atmospheric pressure. Parts (d) 
to (h) show the deviation of the terminal voltage for each of 
the five, fo1~ng discharges of the individual test cells from 
the average of all five test cells on that discharge. The 
actual sixth discharge was made under test conditions. 
(See Table IV, 6th discharge.) The solid line in part (a) of 
each figure is for the test discharge. The dotted line is for 
·the previous discharge. 
2. Cell 26 (See Fig. 7.) had the same treatment with regard. to 
charge and storage as did cell 23 (See Fig. 6) but cell 26 
was discharged. under special pressure conditions. (See Fig. 4.) 
E. The Effect of a Booster Charge 'With Terminals Down. 
Figures 9 ani 10 refer to cells "Which had. the sa:me tree. tment as 
cells 22 and 26 except that the former were stored with the terminals 
down for a day longer but did. have a four hour 1'~· amp. booster 
charge ending nineteen hours before test. Note that oell 24 has 
been considerably below average all through the forming cycles. 
15. 
is very much worth while i:f the cells are stored with terminals 
down :for more than a day or so. Compare Fig. 7 with Figs. 9 and 10. 
A booster charge is unnecessary if' the cells are stored with 
tenninals up for periods up t·o eight days. 
F. Further Conclusions. 
1. The only wa.y to pick out the substandard cells during the 
:forming cycles is to monitor them during the .forming discharges. 
Voltage readings at five mimrbe intervals is reasonable. No 
readings would be necessary during the first half' o:f the dis-
charge but they must be taken during the last half'. Same o:f 
the very poorest cells may be discovered in this way but cells 
should be condemned only with reservations and not until the 
last forming cycle. Altogether it is doubtful i:f this opera-
tion is worthwhile. 
2. The utinned-ooppern to lead contact resistance at the cell 
terminals carrying 15 ~peres will usually give a reading o:f 
.01 to .03 milliamperes on a milliam.eter w.t th an internal 
resistance o.f 1.3 ohms When connected directly across the 
contact resistance. A higher reading would indicate that an 
investigation is in order. 'When the cells are connected in 
series it is strongly recommended that the contact resistance 
be checked at each cell terminal. 
3. Test cells were given a shake test up to 10 gs without an;r 
appreciable ef':fect on either their electrical or mechanical 
characteristics. 
I 
~_Iff\ c /v 11 If" 1 
14. 
VI. CONCLUSIONS 
A. The Effect of Vacuum. Treatment Given Durip.g Forming Cycles. 
Vacuum treatment duri-ng 'bhe forming cycles reduces the number of 
for.ming cycles needed fram 5 or s. to 3 or 4. (See Fig. 3b to 3j.) 
Vacuum treatment during 'bhe forming cycles also improves their 
........-~~~-
performance at ·least 'bhrough .. the seventh cycle. Probably i'b is 
be'btar to give 'bhe -vacuum 'brea.tment before charge rather than 
before discharge. (See Fig. 3a to 3g. and paragraph VA2b.) 
B. Storage. 
The cells can be stored with terminals up for at least eigh'b 
days wi'bhout noticeable loss in capacity. See paragraph III c. 
There is same loss of capacity if 'bhe cells are stored with 
terminals down for a day or tvro. There is a considerable loss in 
capacity if' stored with terminals down for a week. (See Fig. 7 and 8.) 
c. Discharge with. Terminals Pawn. 
It makes little, if any, difference whe-ther the cells are dis-
charged with terminals up or down. (See Fig. 5.) 
D. Discharge Under Special Pressure Condi'bions. (See Fig. 4.) 
The performance of all cells was much better when discharged 
under these special conditions than when discharged at atmospheric 
pressure. (Campara Fig. 6 and 7.) 
E. The Effect of a Booster Charge with Terminals Down. 
The cells oan be charged for at least four hours (probably much 
longer) with 'ber.minals down at li ~peres. Such a booster charge 
.Ampere hour 
cf:l,pe.city at 20 hours 
80°F-1.280 24 a.h. 
Spec. grav. 
Percent of' 800F 
capacity 100% 
TABLE I 
MANUFACTURER'S DATA 
10 hours 5 hours 
22 a.h. 20 a.h. 
400F OOF 
80% 60% 
16 .. 
1 hour 20 minutes 
1~.7 a.h. 11.9 a.h. 
-400F 
30% 
Charging rate 2.6 amps .. initial charge requires approx. 20 hourss 
recharging will 
Lif'e cycles to 
80% capacity 
Charge retention 
to complete dis-
charge 
Dimensions 
Weight in pounds dry-2.21 
require abou~ 12 to 15 hours. 
125 
120 days 
wet-2.95 acid-.74 
sp. gr. 
1100 
1125 
1150 
1155 
1160 
1165 
1170 
1175 
Specific 
Gravi~y 
1100 
1125 
1150 
1175 
1200 
1225 
1250 
1275 
1300 
TABLE II 
Aq:r.D MIXING DATA 
Percen~ H2so4 (1840) in solution-by weight 
per cent sp. gr. per cen~ sp. gr. per cent 
14.35 1180 24.'73 1250 33.43 
1 '7 .66 1185 25.40 12'75 36.29 
20 .. 91 1190 26.;04 1300 39.19 
21.50 1195 26.'71 1400 50.11 
22.11 1200 27.32 1500 59.70 
22.72 1205 2'7.94 1600 68.51 
23.33 1210 28.71 1'700 77.17 
24.12 1225 30.48 1840 100.00 
PARTS OF WATER TO ONE PART SULPHURIC ACID (1835) 
BY VOLUME 
9.8 
7.5 
6.1 
5.1 
4.3 
3.8 
3.2 
2.8 
2.5 
sp. gr. per cen~ 
Note: 1840 sp .. 
gr. solution is 
94.73% acid 
bybwt. 
BY 'WlUGET 
5.3 
4.2 
3.4 
2.8 
2.4 
2.0 
1.8 
1.6 
1.4 
TABLE Ili 
DISCHARGE WITH TEBM:INALS UP VS DISCHARGE 
WITH TERMINALS DOWN 
(see Fig. 5) 
Time Voltage Vol-tage 
t'{// ~ 1 Cell 20 Cell 21 J yr~efi.Sin"- . ~'~ A., ! 
I t\1'' I 1 
vfltrf ... -~r 0 1.94 1.96 
5 1.96 1.96 
10 1.96 1.96 
15 1;.95 1.95 
20 1.93 1.93 
25 1.91 1.92 
30 1.90 1.91 
35 1.89 1.90 
40 1.86 1.87 
45 1.84 1.84 
18. 
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TABLE IV 
TER.MD-J:AL VOLTAGES OF VACUUM TREA.TED CELLS 
Time Volts Volts Volts Volts Volts Volts *First Discharge 
0 ___., Cell 22 Cell 23 Cell 24 Cell 25 Cell 26 Average 
\ 
0 1.96 1 .. 93 1.93 1.93 1.94 1.94 
5 1.96 1.94 1.93 1.94 1.94 1.94 Temp. 74~ 
10 1 .. 94 1.,93 1.92 1.93 1.93 1.93 Vacuum treated 
15 1.93 1 .. 92 1.89 1.92 1.93 1.92 before charge. 
20 1.91 1.89 1.89 1.90 1.91 1.90 
25 1.89 1.,88 1.87 1.88 1.89 1.88 No vacuum treat-
30 1.88 1.87 1.85 1 .. 87 1.88 1.87 ment before 
35 1.86 1.84 1.83 1.86 1 .. 85 1.85 disc .. 
40 1e93 1.83 1.80 1.84 1.83 1 .. 83 
45 1 .. 80 1.79 1.77 1.82 1.80 1.80 
*Second Discharge 
0 1.97 1.94 1 .. 93 1.94 1.95 1.95 
5 1.96 1.94 1.93 1.94 1 .. 95 1.94 Temp. 80°F 
10 1 .. 94 1 .. 93 1.92 1.93 1 .. 94 1.93 No vacuum treat-
15 1.93 1 .. 92 1.89 1.92 1.93 1 .. 92 ment before 2nd 
20 1 .. 91 1.89 1.87 1.90 1.92 1.90 charge. Vacuum 
25 1.88 1.88 1.84 1 .. 88 1.89 1.87 treated before 
30 1.88 1.86 1.82 1.87 1.87 1 .. 86 2nd discharge. 
35 1.83 1.83 1.77 1.84 1.84 1 .. 82 
*Third Discharge 
0 1.99 1.96 1.96 1.93· 1.97 1.96 
5 1.99 1.98 1.98 1.95 l.98 1.98 Temp. 800Ji' 
10 1.98 1.96 1.96 1.93 1.98 1.96 Vacuum treated 
15 1.97 1.94 1.94 1.93 1l~6 1.95 before 3rd chg. 
20 1.94 1.93 1.93 1.92 1.94 1.93 No vacuum treat-
25 1.93 1.92 1.92 1.89 1.93 1.92 ment before 3rd 
30 1.91 1.88 1 .. 89 1.87 1.91 1.89 discharge. 
35 1.88 1.87 1.87 1.85 1.89 1.87 
40 1.85 1.85 1.83 1.83 1.86 1.84 
45 1.83 1.83 1.80 1.82 1.83 1.82 
Fourth Discharge 
0 z.oo 1.96 1.95 1.96 1.95 1.96 
5 1.99 1.99 1.98 1.99 1.97 1.98 Temp. 850Ji' 
10 1.97 1.97 1.96 1.98 1.96 1.97 Vacuum treated 
15 1.96 1.96 1.96 1.96 1.96 1.96 before 4th ohg. 
20 1.95 1.95 1.94 1.95 1.94 1.95 No vacuum trea t• 
25 1.93 1.93 1 .. 91 1.94 1.93 1 .. 93 ment before 4th 
30 1.91 1.91 1.90 1.92 1.91 1.91 discharge. 
35 1.89 1.89 1.87 1.90 1.89 1.89 
40 1.86 1.86 1.85 1.88 1.86 1.86 
45 1.83 1.84 1.80 1.85 1.84 1.84 
\ 
22. 
TABLE V 
TERMINAL VOLTAGES OF UNTREATED CELLS 
Time Volts Volts Volts Volts Volts Volts First Discharge 
Cell 12 Cell 13 Cell 14 Cell 15 Cell 16 Average 
0 1.92 1.91 1.91 1.92 1.91 1.91 Cell 12 temp. 
5 1.91 1,.91 1.91 1.92- 1.91 1.91 770F 
10 1.90 1,.89 1.90 1.90 1.90 1.90 Cell 13 temp. 
15 1.88 1.88 1.89 1.87 1.88 68~ 
20 1.86 1 .. 86 1.87 1..87 1.85 1.86 Cell 14 temp. 
25 1.85 1.85 1.85 1.85 ---- 1.85 72~ 
30 . 1.84 1<c>83 1.84 1.84 1a82 1.83 Cell 15 temp. 
35 1.81 1.80 1.80 1.81 1.78 1.80 75~ 
40 1.79 1.76 1.77 1.79 1.75 1.77 Cell 16 temp. 
45 1 .. 75 1.7{3 1.74 1.75 1.74 750F 
0 1.94 1.91 1.93 1.94 1.95 1.93 Second Discharge 
5 1.94 1.92 1.94 1.94 lo94 1.94 Cell 12 temp. 
10 1.93 1.91 1 .. 92 1.93 1.93 1.92 750F 
15 1.92 1.90 1.91 1.91 1.91 1.91 Cell 13.temp. 
20 1.90 1.88 lo89 1.90 1.90 1.90 750F 
25 1.89 1.86 1.87 1.89 1.88 1.88 Cell 14 temp. 
30 1.86 1.84 1.85 1.86 1 .. 85 1.85 720Jr 
35 1.84 1.81 1.83 1.84 1.83 1.83 Cell 15 temp. 
40 1.80 1.79 1.80 1.81 1.80 1.80 770F 
45 1.78 1.79 1.76 1.77 1.76 1.77 Cell 16 temp .. 
50 1 .. 74 1.76 1.70 1.74 1.72 1.73 770F 
0 2.00 1.95 1.94 1.95 1.96 1.96 Third Discharge 
5 1.99 1.94 1.94 1.95 1.95 1.95 Cell 12 temp. 
10 1.97 1.93 1.92 1.94 lo94 1.94 770F 
15 1.96 1.91 1.90 1.92 1.92 1.92 Cell 13 temp. 
20 1.94 1.90 1.88 1.90 1.91 1.91 720F 
25 1.92 1.89 1.87 1.89 1 .. 89 1.89 Cell 14 temp. 
30 1.91 1.86 1.85 1.87 1.87 1-.87 700F 
35 1.89 1.84 1.83 1.85 1 .. 85 1.85 Cell 15 temp. 
40 1.87 1.81 1.80 1.81 1.81 1.82 ·72~ 
45 1.84 1.77 1.76 1.77 1.77 1.78 Cell 16 temp. 
50 1.81 1.73 1.70 1.72 1.73 1.74 720Jr 
TABLE IV (cont.,) 
Time Volts Volts Volts Vol-bs Vol-bs Volts 
Cell 22 Cell 23 Cell 24 Cell 25 Cell 26 Average 
0 1.89 1.,90 1.91 1.94 1.94 lo92 Seventh Discharge 
5 1.96 1.96 1.96 1.98 1.96 1.96 
10 1.95 1.95 1.95 1.98 1.96 1.96 Vacuum treated 
15 1.,94 1.94 1.94 1.,96 1.95 1.95 during actual 
20 1.92 1.92 1.92 1.95 1.94 1.93 6th disoha.rge .. 
25 1.91 1.91 1.91 1.94 1.92 1.92 
30 1.90 1.90 1.89 1.92 1.,90 1.90 
35 1.87 1.88 1.86 1 .. 90 1.89 1.88 
40 1.85 1.86 1.84 1.89 1.87 1.,86 
45 1.82 1.84 1.80 1.86 1.85 1.83 
50 1.77 1.80 1.71 1.84 1.82 1.79 
55 1.69 1.76 1.20 1.79 1.78 1.64 
*Due to an unfor-bunate choice of voltmeter connections the readings 
actually taken were .03 VQ1ts too low. The above readings have been 
corrected~ 
:w. 
TABLE IV (cont.) 
Time Volts Volts Volts Volts Volts Volts 
Cell 22 Cell 23 Cell 24 Cell 25 Cell 26 Average 
50 1.80 1.80 1.77 1.84 1.80 1.-80 
55 la74 1 .. 76 1.65 1.80 1.76 1.-74 
Fifth Discharge 
0 1.97 1.95 1.95 1 .. 98 1.95 1.96 
5 1.96 1.97 1.96 1.99 1.96 1.97 Temp. 72oF 
10 1.95 1.96 1.95 1.97 1.95 1.96 No vacuum treat-
15 1.94 1.95 1.94 1.96 1..94 1.95 ment before 5th 
20 1 .. 93 1.94 1.92 1.94 1.93 1.93 chg. Vacuum 
25 1.90 1.91 1.91 1.93 1.91 1.91 treatment before 
30 1.89 1.90 1.90 1.91 1.90. 1.90 5th discharge. 
35 1.87 1.89 1.87 1.88 1.90 1.88 
40 1 .. 85 1.86 1.85 1.88 1.86 1.86 
45 1.81 1.84 1.80 1.85 1.84 1.83 
50 1.77 1.80 1.75 1.82 1.80 1.79 
55 1.65 1.75 1.50 1.78 1.75 1.69 
0 1.93 1.93 1.93 1.96 1.95 1.94 Predicted sixth 
5 1.96 1.97 1.96 1 .. 99 1.96 1.97 discharge; see 
10 1.95 1.96 1.95 1.97 1.95 1.96 Paragraph VII .. A. 
15 1.94 1.95 1.94 1.96 1.94 1.95 This data is the 
20 1.93 1.92 1.92 1.94 1,.93 1.93 average of the 
25 1.90 1.,91 11091 1.93 1.,91 1!>91 5th and 7th dis-
30 1.,89 1.,90 1.90 1.91 1.90 1.,90 charges .. 
35 1.87 1.89 1.87 1.,89 1.90 1.88 
40 1.85 1.86 1.85 1.88 1.86 1.86 
45 1.,81 1.84 1.,80 1.85 1.84 1.83 
50 1.77 1.80 1.73 1,,83 1.81 1.79 
55 1.67 1.75 1.35 1.78 1.76 1.66 
0 1.96 1.96 1.95 1.98 1 .. 95 Actual 6th dis-
5 1.95 1.96 1.96 1.99 1.95 charge made 
10 1.95 1.95 1.95 1.98 1.95 under test con• 
15 1.94 1.94 1.94 1.97 1.94 ditions; see 
20 1.93 1.92 1.,93 1.96 1.,93 Figs~ 6,7,8, 9 
25 U92 1.90 1.,92 1co95 1.92 and 10. 
30 1.90 1.89 1.90 1.94 1.90 
35 1.89 1.87 1.89 1.92 1.89 
40 1.88 1.85 1.86 1 .. 90 1.88 
45 1.85 1.81 1.84 1.87 1.85 
50 1.81 1.75 1.79 1.85 1.,81 
55 1.76 1.75 1.81 1.76 
60 1.76 
23 • 
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TABLE V (cont.) 
Time Volts Volts Volts Volts Volts Volts Fourth Discharge 
Cell 12 Cell 13 Cell 14 Cell 15 Cell 16 Average 
0 1 .. 95 1.95 1.96 1.96 1.96 Cell 12 temp. 
5 1.96 1.96 1.96 1.98 1 .. 96 820F 
10 1.94 1.94 1.94 1.95 1.94 Cell 13 temp. 
15 1.93 1.93 1 .. 92 1.94 1.93 82°F 
20 la91 1.91 1.90 1.93 1.91 Cell 14 temp. 
25 1.89 1.89 1.89 1.90 l:;io89 82°F 
30 1.87 1.88 1.87 1.89 1.88 Cell.l6 temp. 
35 1.85 1.;86 1,.85 1.86 1.85 80°F 
40 1.82 1.84 1.83 1.84 le83 
45 1.79 1 .. 80 1.79 1.79 
0 1.97 1.95 1.95 1.96 1.96 Fif'th Discharge 
5 1.97 1.96 1.96 1 .. 98 1.97 data on actual 
10 1.96 1.94 1.94 1.96 1.95 5th discharge 
15 1 .. 95 1.94 1 .. 92 1.94 1.94 was worthless 
20 1.93 1.92 1.90 1.93 1.92 due to a f'ail-
25 1.91 1,.90 1.89 1.91 1.90 ure of' equipment · 
30 1.92 1.88 1.87 1.90 1.89 This data is 
35 1.88 1.86 1 .. 85 1.87 1 .. 86 the average of' 
40 1.85 1.84 1.83 1.85 1 .. 84 the 4th and 6th 
45 1.83 1.81 1.81 1.82 1.82 discharges. 
0 1.99 1.95 1.93 1.97 1.96 Sixbh Discharge 
5 1.99 1.97 1.95 1.98 1.97 80°F 
10 1.98 1.95 1.93 1.97 1.96 
15 1.97 1.94 1.92 1.95 1 .. 94 
20 1.95 1.93 1.91 1.94 1.94 
25 1.94 1.91 1.89 1.92 1.92 
30 1.93 1.89 1.87 1.91 1.90 
35 1.91 1.87 1.84 1.89 1.88 
40 1.88 1.84 1.82 1.87 1.85 
45 1.87 1.83 1.79 1.84 1.81 
0 1.99 1.99 Z.Ol: 1.98 1.99 Seventh Discharg 
5 1.99 1.97 1.93 1.92 1.94 72~ temp. 
10 1.98 1.96 1.91 1.91 1.94 
15 1.98 1.94 1.89 1.90 1.93 
20 1.96 1.93 1.88 1.88 1.91 
25 1.94 1.92 1.85 1.87 1.90 
30 1.93 1.89 1.84 1.85 1.88 
35 1.91 1.87 1.82 1.83 1.8s· 
40 1.88 1.83 1.78 1.79 1.82 
45 1.87 1.82 1.75 1.77 1.81 
50 1.83 1.78 1.69 1.72 1.75 
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